. The structures of three forms of HmKt-7. Three different constructs are shown, with the sequence on the left, and the k-turn structure as a parallel-eye stereo pair on the right. A. A stem-loop structure, B. A simple duplex with two-fold symmetry containing two Kt-7 motifs and C. A stem-loop structure bound to L7Ae and U1A proteins. The proteins are not shown in the molecular graphics.
. The structural environment of Kt-7 in the H. marismortui 50S ribosomal subunit. The local section of 23S rRNA 49-111 is closed by one helix of a three-way helical junction (shown here at the lower end). The longest arm of this junction (on the right-hand side of the image shown) is kinked by Kt-7, the C-helix of which is thus able to make an extensive terminal loop-terminal loop interaction (highlighted red) with the remaining helix (left side). Kt-7 is also bound by the L24 protein. Thus the kturn is constrained both by tertiary interaction and by protein binding. This parallel-eye stereoscopic image was generated using PDB 3CC2. context shown in array form as a function of the 3b,3n sequence. The composite omit map is shown for each structure, contoured at 1 σ. G2nN3-A2bN7 distances longer than 3.2 Å (i.e. those in the N1 structures) are shown red, indicating that they are too long to be hydrogen bonded. and U4 snRNA according to their 3b,3n sequences. Each cell of the arrays is labelled by their preferred N3 or N1 conformation, and colored by their ability to fold in the presence of metal ions (red good folding, blue poor folding). The sequence distribution is shown as percentages of the total for each 3b,3n sequence, with the single largest written bold for each k-turn. The number of sequences analysed were 2,722 bacterial 3, 4, ,235 U4 snRNA k-turns. Name  PDB  C  L1-L3  NC  res  space  3bn conf  1b1n 2b2n 3b3n 4b4n  3b3n Table S1 . Structural properties of the known natural k-turns. For each is shown the PDB identifier, the sequence of the C helix (C), loop (L1-L3) and NC helix (NC), the resolution of the crystal structure (res, given in Å), the crystal space group (space group), the 3b,3n sequence (3bn) the N3 or N1 conformation (conf), the C1'-C1' distances for the 1b,1n, 2b,2n, 3b,3n and 4b,4n basepairs (each given in Å) and finally the type of basepair for 3b,3n (3b3n Table S4 . Structural properties of Kt-7 variants within the SAM-I riboswitch as a function of 3b,3n
SUPPLEMENTARY TABLES
sequence. For each is shown the resolution of the crystal structure (res, given in Å), the crystal space group (space group), the 3b,3n sequence (3bn) the N3 or N1 conformation (conf), the C1'-C1' distances for the 1b,1n, 2b,2n, 3b,3n and 4b,4n basepairs (each given in Å) and finally the type of basepair for 3b,3n (3b3n conf) as either trans-Hoogsteen-sugar (tHS) or cis-Watson-Crick (cWW) pairs. 
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MATERIALS AND METHODS
RNA synthesis
Ribooligonucleotides were synthesized using t-BDMS phosphoramidite chemistry (Beaucage & Caruthers, 1981) , as described in Wilson et al. (Wilson et al, 2001 ).
Oligoribonucleotides were deprotected in 25% ethanol/ammonia solution at 25°C for 2 h, and evaporated to dryness. Oligoribonucleotides were redissolved in 100 µl DMSO to which was added 125 µL 1 M triethylamine trihydrofluoride (TEA, 3HF) (Sigma-Aldrich) and incubated at 65°C for 2.5 h to remove t-BDMS protecting groups. All oligonucleotides were purified by gel electrophoresis in polyacrylamide in the presence of 7 M urea, and the full length RNA product was visualized by UV shadowing. The band was excised and electroeluted using an Elutrap (Whatman) into 45 mM Tris.borate (pH 8.5), 5 mM EDTA buffer for 8 h at 200 V at 4°C. The RNA was precipitated with ethanol, washed once with 70 % ethanol and dissolved in water.
The concentration of RNA was determined by measuring the absorbance at 260 nm.
Preparation of SAM-I riboswitch variants
A plasmid containing a gene encoding the Thermoanaerobacter tengcongensis SAM-I riboswitch (Montange & Batey, 2006) measuring the absorbance at 260 nm using extinction coefficients calculated from the nucleotide composition and a correction factor for the hypochromic effect.
Expression and purification of human U1 snRNP protein A U1A-RBD (residues 1-102) (Nagai et al, 1990 ) was expressed in the Escherichia coli BL21-Gold (DE3) pLysS cells (Stratagene) using a T7 RNA polymerase expression vector. Freshly-transformed colonies were picked and grown in 6 L LB medium and induced with 0.2 mM IPTG at 37 °C for 4 h. Harvested cells were resuspended in 20 mM Tris.HCl (pH 8.0), 50 mM NaCl, 1 mM phenylmethylsulfonyl fluoride (PMSF) (buffer T) and lysed by sonication. Cell debris was removed by centrifugation. U1A
was applied to three tandem 5 ml CM columns (GE Healthcare) and the protein eluted with 200 mM NaCl in buffer T. U1A was then applied to a heparin column (GE Healthcare) and eluted at 400 mM NaCl using a gradient from 50 to 2000 mM NaCl in 20 mM HEPES.Na (pH 7.6). The protein was further purified using a Superset 75 gel filtration column in a buffer containing 5 mM Tris.HCl (pH 8.0), 100 mM NaCl.
Expression and purification of A. fulgidus L7Ae
The gene encoding full-length A. fulgidus L7Ae was cloned into a modified pETDuet1 plasmid (Novagen) (Huang et al, 2011) PreScission protease in 20 mM HEPES-Na (pH 7.6), 100 mM NaCl, 0.5 mM EDTA at 4-8°C for 16 h. L7Ae was applied to a heparin column (GE Healthcare) and eluted at 250 mM NaCl in a gradient from 50 to 2,000 mM NaCl in 20 mM HEPES-Na (pH 7.6). The protein was further purified using a Superdex 200 gel filtration column in a buffer containing 5 mM Tris.HCl (pH 8.0), 100 mM NaCl. The protein concentration was measured by absorbance at 280 nm using a molar extinction coefficient of 5,240 M -1 cm -1 for L7Ae. The protein was concentrated to 20 mg/ml in buffer containing 5 mM Tris-HCl (pH 8.0), 100 mM NaCl, and stored at -20 °C as aliquots.
Crystallization, structure determination, and refinement
Kt-7 determined in different structural environments
Two types of design were used in crystallization trials of Kt-7 RNA in the absence of shows that 97.6% of amino acid residues are in the most favored and additionally allowed regions. Model geometry and the fit to electron-density maps were monitored with MOLPROBITY (Chen et al, 2010) and the validation tools in COOT.
Crystallographic statistics for HmKt-7 are presented in Table S5 .
The SAM-I riboswitch variants
The SAM-I riboswitch variants (Table S4) were crystallized using the hanging drop method. Crystal trays were set up by mixing 1 μL of mother liquor with 1 μL of 400 μM RNA plus 1 mM S-adenosylmethionine (Sigma Aldrich) in 40 mM Na-cacodylate (pH 7.0). Drops were seeded using a micro-crystals taken from crystal trays containing the unmodified RNA (corresponding to structure PDB 4B5R). The mother liquor of the drop that yielded the crystal variants used for data collection contained 40 mM Na-cacodylate (pH 7.0), 12 mM spermine-HCl, 80 mM KCl, 10-60 mM ID23-1 and ID29 at ESRF. Data were indexed, integrated and scaled using XDS (Kabsch, 2010) or iMOSFLM and Scala from the CCP4 suite of programs (CCP4, 1994; Winn et al, 2011) . Structures were solved by performing molecular replacement using PDB entry 3GX5 (Montange & Batey, 2006) or 4B5R as a preliminary model.
The structures were refined using Phenix refine, and the model was built using COOT (Emsley & Cowtan, 2004) . The composite omit map was calculated using Phenix (Adams et al, 2010) . Crystallographic statistics for Kt-7 variants in the SAM-I riboswitch are presented in Table S6 .
Sequence alignment and analysis.
Bacterial Kt-7 and Kt-46 sequences were taken from the Comparative RNA Web Site.
Specific k-turn regions were aligned manually using Jalview 2.8 (Waterhouse et al, 2009 ). This resulted in the analysis 2,722 of Kt-7 and 3,181 of Kt-46 sequences. 4,755 SAM-I riboswitch and 9,235 U4 snRNA sequences were taken from the Rfam database (Burge et al, 2013) . All sequence composition and covariation analysis was calculated using a modified version of Jalview, that was kindly provided by Dr James Procter (University of Dundee).
